ABSTRACT
the largest average value 200 mbar wind speed (33.35 m s −1 ). We have found a clear annual periodicity of high altitude winds for the five sites in study.
We have also explored the connection of high to low altitude atmospheric winds as a first approach of the linear relationship between the average velocity of the turbulence and high altitude winds (Sarazin & Tokovinin 2001) . We may conclude that high and low altitude winds show good linear relationships at the five selected sites. The highest correlation coefficients correspond to
INTRODUCTION
Ground-based stronomical observations are drastically affected by the presence of atmospheric turbulence. The theoretical angular resolution of a telescope, determined by its diameter, is usually severely degraded because of atmospheric turbulence. Adaptive optics techniques have been developed to compensate for the effects of the atmosphere on astronomical images and to reach the diffraction limit of our telescopes. However, the design and operation of adaptive optic systems are complex and difficult because the turbulence above astronomical sites is still insufficiently well characterized. In spite of partial information on the turbulence behaviour above existing astronomical observatories, it is obvious that a site with low and stable turbulence should be better suited for the implementation of adaptive optics than one with a turbulent and chaotic atmosphere. The requirements for excellent image quality of current large and future very large telescopes demand a proper knowledge of atmospheric turbulence, and several projects are already pursuing this aim. Moreover, the precise characterization of the turbulence above a particular site requires long term monitoring. To counter the lack of long term information on turbulence, high altitude winds (in ⋆ E-mail: bgarcia@iac.es by Chueca et al. (2004) . While the linear V 0 ∝ V 200 relationship (Sarazin & Tokovinin 2001 ) is confirmed at other sites, a first approach to connecting high altitude winds to turbulence at ground level can be carried out by studying the wind vertical profile and the relation of high to low altitude winds. Previous studies have also reported a connection of ground layer winds to image quality (Muñoz-Tuñón, Varela & Mahoney (1998); Varela, Muñoz-Tuñón, & Gurtubai (2001) ).
In this paper we present a detailed statistical analysis of V 200 for different observing sites in the two hemispheres. For the first time, we study the connection of high to low altitude winds and we present the statistical analysis of the wind vertical profile at five astronomical sites, the ORM, Mauna Kea and San Pedro Martir in the north, and Paranal and La Silla in the south (Table 1) . We also discuss the suitability for adaptive optics of the five summits analysed on the basis of the wind vertical profile statistics. Kalnay et al. (1996) and Kistler et al. (2001) for a detailed description) and they are heavily constrained by observational data. eW obtained the 6-hourly and daily wind speed module from U-wind and V-wind 6-hourly and daily components (more than 33 600 data for each component and location).
For comparison and validation of the data from the climate diagnostic model, we have obtained winds from radiosonde stations. The main criteria in selecting radiosonde stations were the year range for available data and the distance from the observing sites. Table 2 shows information about the final selected stations.
In both databases we have selected the simultaneous data for the period 1980-2002 to derive the mean monthly wind at the different common pressure levels. We found a good correlation between the balloon and NCEP/NCAR data statistic in the sites studied. In the south hemisphere, Paranal has more stable high altitude winds than La Silla except in January. At Paranal, November is the most stable month in terms of V 200 . In terms of V 200 , La Palma is the best site of the five studied, with a mean value of 22.13 m s −1 , the smallest standard deviation (Table 3) 
High and low altitude wind connection
Although only wind speed at the 200 mbar pressure level has been proposed as a parameter for site characterization, it seems reasonable to assume that statistical wind profiles could also be important in determining stability and the connection of high altitude winds to turbulence at ground level. As a first approach, we explore the connection of high to lower altitude atmospheric winds by using the NCEP/NCAR database. We consider the pressure levels in the troposphere over the observing sites available from the NCEP/NCAR database.
These pressure levels are 700, 600, 500, 400, 300, 250, 200, 150 and 100 millibars for La Palma, La Silla, Paranal and San Pedro Mártir. For Mauna Kea, the 700 mbar pressure level is always below the altitude of the observatory. The connection between the boundary layer and high altitude winds is the subject of a forthcoming study (Varela et al., in preparation) .
In order to reveal the relationship of tropospheric winds at different altitudes, we have compared the 6-hourly and daily wind measurements at each pressure level with simultaneous data at any other levels. for Mauna Kea than for any of the other sites considered in this paper. The topographical influence seems to be slightly greater at the sites on islands than at the continental sites. Table 5 shows the annual statistical results of the wind profiles for the five observatories.
Wind profile statistics and seasonal behaviour
Vertical wind gradients are larger in winter than in summer, indicating stabler and hence less turbulent atmospheres in summer all the observatories studied. 
where C The results in this paper does not confirm a relationship of V 0 and V 200 at the studied sites, but only a connection of high and low altitude winds. V 0 strongly depends on turbulence structure, and therefore, its connection to high altitude winds could be only stablish with a proper turbulence characterisation. We alert the astronomical community on the wrong idea of identify high altitude winds and turbulence at the ground level that it is being more and more popular in the recent meetings. If a V 0 and V 200 relationship were valid elsewhere, we may connect coherence time and high altitude winds, but never image quality.
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